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HardwareoverviewofQCDOC

(PlanerytalkbyP.Boyle)

QCDOCshouldbeabletosustainperformancewhenthenumberofprocessorsincreasesto

severalthousands.

•UseOn-ChipTechnologytocombinecomputationandcommunicationunitsinonechip

(QCDOC=QCDOnaChip)

•ASIC(Application-SpecificIntegratedCircuit)combinesexistingIBMcomponentsandQCDOC-

specific,custom-designedlogic:

–500MHzPowerPC440processorcorewith64-bit,1GFlopsFPU(32+32kBL1cache)

–4MBon-chipmemory(embeddedDRAM),accessedthroughcustom-designedprefetching

eDRAMcontroller(PEC)

–6-dimensionalnearest-neighbor,lowlatencyserialcommunicationsunit(SCU)withag-

gregatebandwidthof12Gbit/swithsoftwarepartitioningcapabilityforphysicscommu-

nications.

•Auxiliaryfastethernetnetworkforbooting,IO,anddiagnostics.

•∼1US-$persustainedMFlops,Scalabletoseveral10TFlops



SciDACSoftwareProgram

Softwareobjective:CreateaunifiedprogrammingenvironmentthatwillenableUSlatticecom-

munitytoachievehighefficiencyondiversemulti-teraflopscalehardware.

ExistingcodesforlatticeQCD(CPS,MILC,Chroma/SZIN,....)canberunonvarioushard-

waresbyadoptingtoprogrammingenvironmentprovidedbySciDACSoftwareeffort.
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QCD-APIonQCDOC

•Level3:HighlyoptimizedroutinesforLatticeQCD(QOP)

CurrentlyavailableinColumbiaPhysicsSystem(CPS):

–Diracmatrixinverter

∗Wilson,Clover,DWF(P.Boyle)

∗Staggered(C.Cristian)

∗Asqtad(Improvedstaggered)(CJ,H.Lin)

–Asqtadforceterm(CJ,Z.Sroczynski)

AsqtadinverterhasbeendtestedwithMILCcode(CJ,E.Gregory).

Level3interfaceisbeingimplementedforAsqtadinverter/forceterm(CJ).

AsqtadHMCisbeingtestedandalsobeingusedforhardwaretesting.

WilsonDslashisalsointegratedintoChroma/QDP++(P.Boyle,B.Joo).



•Level2:

–QCDDataParallelQDP/QDP++:Lattice-wideoperationswithbothcommunicationand

computation(J.Osborn,B.Joo,R.Edwards)

example:paralleltransportχ
′
(x)=Uµ(x)χ(x+µ̂)

BothQDP(C)andQDP++(C++)hasbeentestedwithQMP.

–QIO:LatticedataIO(B.Joo,K.Petrov)

•Level1:

–QMP:Internodecommunication(CJ)

–QLA:SinglenodelinearAlgebra(J.Osborn).



ImprovedStaggeredfermionaction(Asqtad)

Asqtadactionisoneoftheimprovedstaggeredfermionaction,withsmallerlatticespacing

errorandflavormixing.

Onelink

Lepage 7 staple

5 staple 

Naik
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ComputationcountsforvarioustermsneededforHMC(persite):

Diracinteverter:∼(1150×(n∼1000))

FermionForceterm:∼434,000for2+1flavor.Calculationoftheforcetermmostlyconsistsof

paralleltransportandSU(3)vectorouterproducts.

Paralleltransport:χ
′
(x)=Uµ(x)χ(x+µ̂)

Vectorouterproduct:P(x)=χ(x)χ
′†
(x)

Fatlink:∼60,000GaugeForce:∼150,000



PerformanceofQCDOC

Sites/nodeOptimizedMILCMILC/QDP

PrecisionDoubleSingle
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(*):multi-dimensionalSU(3)paralleltransport
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OptimizationstrategyforQCDOC

•Formostcomputationroutines,memorybandwidthisbottleneck(EDRAM/DDR→L1cache

→CPU).Changingtosingleprecisiononlyimprovesmemory→L1bandwidth.

•Sequentialreadaccessmaximizesmemorybandwidth.(Scatterdon’tgather!)

•AssemblyroutinesarewrittenbyC++progams(CJ,P.Boyle(BAGEL))

•Forasqtaddirac,computationisdividedintolocal/non-local.(Usualforward-backwordsplit

increasestheamountoffermionfieldscommunication)

–Startcommunication

–Localcomputations

–Waitforcommunication

–Non-localcomputations



•

Fortheforcetermandfatlinkgeneration,

multi-dimensionalparalleltransportis

usedtoimprovescommunicationband-

width.Thisshouldbebalancedwith

memoryusage.

Forexample,7plaquettewith

+x,−y,−t,+zcanbecalculatedsi-

multaneouselywith+y,−z,−x,+t,

−x,+y,+t,−z,etc.Also,youcansave

onnumberofcomputationsbycalulating

±µsimultaneously.

σ

µ

ν

ρ

•Usingmulti-directionalparalleltransportwheneverpossibleisafastwaytogeneratereason-

ablyoptimizedcodeforsmalllocalvolume.(StrategyforQDP?)



ProgrammingEnvironment

•QOS-Custom-designedOperatingsystem(P.Boyle)

–Boot(Ethernet/JTAG)

–Load/RunApps(Ethernet)

–Hardwarediagnostics

–Commandlineargumentpassing

–FileI/O-NFSheavilytested(currentlytothefrontend)

–Shellsupport(qcsh:tcsh+QCDOC-specificcommands)(K.Petrov/P.Boyle)

–Profiling,Sourceleveldebugging

•StandardGNUtools(Compiler,Linker,Binutils...)atthefrontend

•CommercialPowerPCtools

–High-performancecompilers-XLC

–Multi-processordebugger-Riscwatch



BriefdescriptionofQMP

ThegoalofQMPistoprovideportable,low-latency,high-bandwidthcommunicationroutines

suitableforLatticeQCD.

•Point-to-pointcommunication

–Nonblocking

–Simultaneous,multidirectionaltransfercapability

–Chainedblock/stridedtransfercapability

–Separateroutinesfortheinitializationandcommencementoftransfers→openedcom-

municationchannelscanbereused,minimizeoverheadforrepeatedtransfers.

•Globaloperation

–Globalreduction

{Sum,Max,Min}{Singleprecision,Doubleprecision}{Scalar,Vector}

Generalbinaryreductionavailable

–Broadcast

–Barrier



ImplementationofQMPonQCDOC

•Point-to-pointcommunications

Fornearestneighbor,therequirementsforQMParewellsatisfiedbyQCDOCphysicsnetwork

→Smallsoftwareoverhead.

BothC/C++BindingimplementedoverQCDOCsystemcalls.

•Globaloperations

Store-and-forwardcapabilityofQCDOCisused.

BothC/C++BindingimplementedoverQCDOCsystemcalls.

Communicationtimegrowsas∼L×Nd

L=NumberofsitesNd=NumberofDimension.

•Implementationcompleteexceptnon-nearestcommunication.



Non-NearestNeighborCommu-
nication(NNC)onQCDOC

Whilerepeatedcommunicationsareoftento/fromnearest-neighbor,NNCgivesmoreflexibility

andportability.

Desiredfeatures:

•Minimumnumberofcopying

•Minimaloverheadwhendestinationisnearest

•Shouldbeabletoco-existwithnearestneighborcommunicationwithoutintroducingexcessive

softwareoverheadtonearestcommunication.

•ConsiderationforMPIimplementation(R.Bennet,BNL).

Implementationstrategy:

•Interruptingcommunicationchannel(Supervisor)usedfortheheadertransfer

•Non-interruptingphysicsnetworkusedforuserdatatransfer



•Static,Manhattan-styleroutingtopreventlock-ups/longdelays

•ConsiderationforMPI:ManyofthenecessaryfunctionalitiesneededforMPIsuchas

–Messagerouting

–Buffermanagement

–Packetization

–Queueing

willbeimplementedforQMP.MPIimplementationwilluseQMPwheneveritisefficient.



DiagramofNNC
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Plannedactivities

•Implmentation&RevisionofQMP

•Level3interfaces

•Batchsystem(PBS)

•Parallelfilesystem

•Runtimeenvironment

•Linpack(D.Krohn,P.Boyle),etc..


